Introduction {#sec1-1}
============

Ischemia-reperfusion (IR) injury occurs due to blood restoration after a critical period of coronary artery obstruction. It is associated with clinical problems, such as thrombolysis, angioplasty, and coronary bypass surgery.\[[@ref1]\] However, reperfusion may lead to accelerated and additional myocardial injury, resulting in a spectrum of reperfusion-associated pathologies.\[[@ref2]\] In addition, reperfusion of the ischemic myocardium results in irreversible cell damage. Interestingly, many of the features of IR injury are related to impaired structure. Following ischemic preconditioning, the myocardium is transiently more resistant to deleterious effect of prolonged ischemia.\[[@ref3]\] While many pharmacological interventions have been used to render cardioprotection against oxidative stress caused by IR injury, there is still a need for more effective therapies that can ameliorate IR injury and delay the development of irreversible cell injury.\[[@ref4][@ref5]\]

Trapidil (C~10~H~15~N~5~), an antiplatelet drug with broad biological activities, has been demonstrated to reduce restenosis after angioplasty in animals, as well as in humans.\[[@ref6]\] The clinical dosage of trapidil is 150-300 mg/day/person. According to a dose algorithm by Xu Shu-yun *et al*.,\[[@ref7]\] a relevant dosage of trapidil in rabbits is 7-14 mg/kg/day.

This study investigated to evaluate the cardioprotective effect of trapidil in rabbit models of myocardial ischemia-reperfusion injury (MIRI) and the relationship between dose and action. We

found that there was a correlation between the cardioprotective effects of trapidil in an IR-induced myocardial injury model and the expression of Bax and Bcl-2 proteins.

Materials and Methods {#sec1-2}
=====================

Male Japanese white rabbits, weighing 2.5-3.0 kg were used in this study. The animal experiments were conducted in accordance with guidelines of the Institutional Animal Care and Use Committee of Shenyang Pharmaceutical University, and the study protocol was approved by the Institutional Ethics Committee.

 {#sec2-1}

### Drugs and chemicals {#sec3-1}

tablets were a generous gift from Wuhan Di'ao Pharmacy Co., Ltd (Wuhan, Hubei province, China). SABC immunohistochemical staining kits were purchased from Wuhan Boster Bioengineering limited company (Wuhan, Hubei province, China). Superoxide dismutase (SOD) and malondialdehyde (MDA) assay kits were purchased from the Nanjing Jiancheng Bioengineering Institute (Nanjing, Jiangsu province, China). An *in situ* Cell Death Detection Kit was purchase from Roche (Basel, Switzerland)

### Experimental protocol {#sec3-2}

Twenty-four rabbits were randomly divided into four groups of six animals. Group A (Sham group) consisted of sham-operated rabbits that underwent the same operative procedures as the other groups, but without occluding blood flow. Group B (IR group), C and D underwent 40 min of ischemia followed by 120 min of reperfusion. Groups A and B were administered distilled water (5 ml/kg/day) intragastrically daily for 7 days. Groups C and D received oral trapidil (7 and 14 mg/kg/day, respectively) for 7 days.

### Heart preparations {#sec3-3}

The rabbits were anesthetized, placed in a supine position, and then intubated with endotracheal, femoral artery, and carotid artery tube. Left thoracotomy was performed and the left main artery was exposed according to the method described by Asgeri *et al*.\[[@ref8][@ref9][@ref10]\] A silk thread was passed around the left anterior descending coronary artery (LAD). The end of the tie was threaded through a small vinyl tube to form a snare.\[[@ref11]\] Electrocardiogram, blood pressure, and heart rate were recorded using a 16-physiograph (Stoelting Co., IL, USA).

### Determination of the MDA level and SOD activities {#sec3-4}

At 120 min after IR, MDA concentration and SOD activity in serum samples were measured using commercially available assay kits according to the manufacturer\'s instructions.\[[@ref12]\]

### Observation under optical microscope {#sec3-5}

Myocardial tissue from the left ventricular anterior wall (LVAW) of sacrificed rabbits (approximately 3 mm in thickness) was removed upon euthanasia. Samples were fixed in 4% precooled paraformaldehyde for 72 h and embedded in paraffin for histological studies. Sections were processed with hematoxylin and eosin (H and E) stain. Images were visualized under an optical microscope at ×400 magnification.\[[@ref13]\]

### Cardiomyocyte apoptotic index {#sec3-6}

An area under the ligature of the LVAW (about 1 cm^2^) was isolated and fixed in 4% paraformaldehyde. Three slides from each block were evaluated for the percentage of apoptotic cells using a TUNEL assay according to the manufacturer\'s instructions. Both total and TUNEL-positive myocytes were counted in each field. The results are expressed as apoptotic index (AI): (number of TUNEL-positive myocytes/total myocytes) ×100%.\[[@ref14]\]

### Expressions of Bax and Bcl-2 proteins {#sec3-7}

Tissue sections (3 μm thickness) were mounted on poly-L-lysine-coated glass slides and then deparaffinized with xylene. The expression of Bax and Bcl-2 was determined according to the manufacturer\'s instructions.\[[@ref15][@ref16]\]

### Transmission electron microscope {#sec3-8}

The specimens of the LVAW (about 1 mm^3^) were fixed in 2.5% glutaraldehyde at 4°C. After citric lead plus uranyl acetate double staining, samples were cut (70 nm thick) and observed with a JEM-1200EM (JEOL Ltd.), and photographs were taken.

### Statistical analysis {#sec3-9}

Data were compared by analysis of variance (ANOVA) using IBM SPSS Statistics 19 software. Statistical analyses were performed by one-way ANOVA. Values are presented as mean ± standard deviation (SD). *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======
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### MDA and SOD levels in serum {#sec3-10}

After 120 min of reperfusion, the MDA and SOD levels in the trapidil groups was significantly different when compared with the IR group. Moreover, MDA and SOD was significantly different between groups C and D (*P* \< 0.05) \[[Table 1](#T1){ref-type="table"}\].
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### Cardiomyocyte morphology {#sec3-11}

Structural changes within the LVAW from rabbit hearts were observed under an optical microscope. In Group A, there was normal morphology of myocardial cells and regular arrangement. The LVAW in Group B had an abnormal cardiocyte structure, and the myocardial fibers were partially fractured. Myocardial cells in groups C and D had a normal long fusiform shape, the nuclei were ovoid in shape, and the cells were regularly arranged with the nuclei centrally located \[[Figure 1](#F1){ref-type="fig"}\].

![Pathological changes of cardiac cells under the light microscope in four groups: A: Sham group; B: IR group; C: Trapidil group (7 mg/kg); D: Trapidil group (14 mg/kg), (H and E, ×400)](IJPharm-46-207-g002){#F1}

### Expression of Bax and Bcl-2 {#sec3-12}

Apoptotic proteins Bax and Bcl-2 were assessed by optical density (OD). Trapidil pretreatment significantly improved the expression of Bax and Bcl-2 as compared with Group B (*P* \< 0.05) \[[Table 1](#T1){ref-type="table"}\].

### Myocardial apoptosis {#sec3-13}

The number of TUNEL-positive cells in myocardial heart tissues was manually counted in five randomly selected fields, and AI was expressed as a percentage of total cells counted. AI in groups C and D was reduced when compared with that of group B. Moreover, AI was increased significantly in Group C compared with Groups D (*P* \< 0.05) \[[Table 1](#T1){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}\].

![(A-D) Myocardial apoptosis determined by TUNEL staining (×400)](IJPharm-46-207-g003){#F2}

### Transmission electron microscope {#sec3-14}

Representative electron micrographs of the ischemic border zone exposed to coronary artery ligation are shown in [Figure 3](#F3){ref-type="fig"}. Group A had myocardial fibers that were organized into neat bundles. Mitochondria had a normal morphology and were arranged along the myocardial fiber axis, and mitochondrial membranes were integrated. Damaged mitochondria accumulated in Group B. Abnormal mitochondria are defined by marked swelling, vacuolation (loss of electron density) or disrupted cristae. Myocardial fibers in group B were fuzzy and disordered, with severe swelling of mitochondria and the presence of vacuoles. Mitochondria in the myocardial fibers showed disorder, and mitochondrial cristae were markedly reduced. Myocardial cells in groups C and D exhibited partial shrinkage. Mitochondria cristae were lucid, but a population of the mitochondria still displayed vacuolar degeneration \[[Figure 3](#F3){ref-type="fig"}\].

![(A-D) Changes of cardiac cells under the electron microscope (×8000)](IJPharm-46-207-g004){#F3}

Discussion {#sec1-4}
==========

Trapidil was initially developed as a vasodilator and antianginal agent, but was later used as an antiplatelet agent. Trapidil competitively inhibits phosphodiesterase. Additionally, the drug decreases platelet aggregation and activation by increasing prostaglandin synthesis and inhibiting thromboxane synthetase.\[[@ref17]\]

A variety of mechanisms and mediators are involved in the pathophysiology of reperfusion injury. A key event in reperfusion is the reintroduction of molecular oxygen and subsequent formation of reactive oxygen species (ROS). A growing body of evidence has shown that ROS is an important mediator of MIRI. ROS can lead to lipid peroxidation, which is a pivotal mechanism involved in oxidative stress. Thus, inhibition of lipid peroxidation may attenuate IR heart injury.\[[@ref18]\] As shown in [Table 1](#T1){ref-type="table"}, in this study, a significant increase in serum SOD activity and a decrease in MDA level were evident in rabbits following IR.

Cell apoptosis is one of the most important pathophysiological processes during acute myocardial ischemia and MIRI.\[[@ref19]\] Recent studies have indicated that apoptosis plays an important role in the process of cardiomyocyte damage subsequent to myocardial infarction.\[[@ref20]\] The Bcl-2 family consists of pro-apoptotic and antiapoptotic members. The balance between pro-apoptotic (Bax) and antiapoptotic (Bcl-2) proteins determines the population of cells that survive or undergo apoptosis after a certain stimulus or injury.\[[@ref21]\] In this study, TUNEL-positive cells correlated with an upregulation of Bax and a downregulation of Bcl-2. In addition, our results suggested that trapidil activated the expression of Bcl-2 and blocked the stimulation of Bax, demonstrating the potent cardioprotective action of trapidil against oxidative stress. Cardiomyocytes in the IR group underwent severe apoptosis, whereas the AI was decreased in the trapidil groups. Taken together, these results suggest that suppression cardiomyocyte apoptosis during IR injury may be an underlying mechanism of trapidil in MIRI.

In this study, irregular cardiomyocyte structures were observed in the IR group. In addition, myocardial cells lost normal structure and featured signs of toxicity, such as rupture of cell membranes, mitochondrial swelling, and vacuolation. Notably, there was an increase in integrated mitochondria in groups C and D. Thus, the protective effect of trapidil in a rabbit model of MIRI correlated with drug dose.

Although the induction of both altered myocardial structure and apoptosis was observed in this *in vivo* rabbit MIRI model, the association between cardioprotective effects and the extent of myocardial injury was not fully demonstrated. Therefore, it is possible that myocardial injury contributes to cell apoptosis. We hypothesize that trapidil may inhibit apoptosis, which subsequently suppresses the induction of apoptosis.

The protective action of trapidil is related to apoptosis as a result of oxidative injury and IR. These findings highlight the importance of trapidil pretreatment in MIRI. Further studies are needed to investigate the *in vivo* effects and mechanisms of trapidil treatment following ischemia, as this would more likely mimic the clinical situation.

Conclusion {#sec1-5}
==========

MIRI causes pronounced oxidative stress and tissue damage in the heart. At the histological level in a rabbit MIRI model, administration of trapidil protects against MIRI-induced cardiotoxicity in a dose-dependent manner.
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